Requirements on the Central Engine and its Immediate Surroundings (long-soft bursts)
• Provide adequate energy at high Lorentz factor (Γ > 200; KE ~ 5 x 10 51 erg)
• Collimate the emergent beam to approximately 0.1 radians
• Make bursts in star forming regions
• In the internal shock model, provide a beam with rapidly variable Lorentz factor
• Allow for the observed diversity seen in GRB light curves
• Last approximately 20 s, but much longer in some cases
• Explain diverse events like GRB 980425
• Produce a (Type Ib/c) supernova in some cases
• • Core collapse produces a black hole -either promptly or very shortly thereafter.
• Sufficient angular momentum exists to form a disk outside the black hole (this virtually guarantees that the hole is a Kerr hole)
Fryer, ApJ, 522, 413, (1999) With decreasing metallicity, the binding energy of the core and the size of the silicon core both increase, making black hole formation more likely at low metallicity. Woosley, Heger, & Weaver, RMP, (2002) Black hole formation may be unavoidable for low metallicity Solar metallicity
Low metallicity
In the absence of mass loss and magnetic fields, there would be abundant progenitors.
Unfortunately nature has both.
15 solar mass helium core born rotating rigidly at f times break up • The production of GRBs may be favored in metaldeficient regions, either at high red shift or in small galaxies (like the SMC). The metallicitydependence of mass loss rates for RSGs is an important source of uncertainty. (Kudritzsky (2000); Vink, de Koters, & Lamers A&A, 369, 574, (2001)) • But below some metallicity Z about, 0.1, single massive stars will not make GRBs because they do not lose their hydrogen envelope.
• GRBs may therefore not track the total star formation rate, but of some special set of stars with an appreciable evolutionary correction.
Progenitor Winds
Massive Wolf-Rayet stars -during helium burningare known to have large mass loss rates, approximately 10 -5 solar masses/yr or more.
This wind may be clumpy and anisotropic and its metallicity dependence is uncertain. Given the necessary angular momentum, black hole formation is accompanied by disk formation.. It is good to have an energy deposition mechanism that proceeds independently of the density and gives the jet some initial momentum along the axis 7.6 s after core collapse; high viscosity case. MacFadyen & Woosley (1999) Given the rather modest energy needs of current central engines (3 x 10 51 erg?) the neutrino-powered model is still quite viable and has the advantage of being calculable.
A definitive calculation of the neutrino transport coupled to a realistic multidimensional hydrodynamical model is still lacking.
Fryer ( The efficiencies for converting accreted matter to energy need not be large. B ~ 10 14 -10 15 gauss for a 3 solar mass black hole. Well below equipartition in the disk. The jet is initially collimated by the density gradient left by the accretion.
It will not start until the ram pressure has declined below a critical value. MacFadyen, Woosley, & Heger, ApJ, 550, 410, (2001) High disk viscosity (7.6 s + 0.6 s) Low disk viscosity (9.4 s + 0.6 s) (Energy deposition of 1.8 x 10 51 erg/s commenced for 0.6 s; opening angle 10 degrees) log rho = 5 -11.5
Jet Initiation -2
The Production of 56 Ni
• Needed to power the light curve of the supernova if one is to be visible. Need 0.1 to 0.5 solar masses of it.
• A bigger problem than most realize Initiate a jet of specified Lorentz factor (here 50), energy flux (here 10 51 erg/s), and internal energy (here internal E is about equal to kinetic energy), at a given radius (2000 km) in a given post-collapse (7 s) phase of 15 solar mass helium core evolved without mass loss assuming an initial rotation rate of 10% Keplerian. The stars radius is 8 x 10 10 cm. The initial opening angle of the jet is 20 degrees. Pressure in the same model
The pressure in the jet is greater than in the star through which it propagates.
The jet can be divided into three regions: 1) the unshocked jet, 2) the shocked jet, and 3) the jet head.
For some time, perhaps the duration of the burst, the jet that emerges has been shocked and has most of its energy in the form of internal energy. Information regarding the central engine is lost. The previous calculation was 2D in spherical coordinates. This puts all the resolution near the origin and also spends a lot of zones following the unshocked star.
Repeat using cylindrical coordinates and study the just the jet's interactions with finer zoning -but keeping the same density and temperature structure as in the star along its rotational axis. Carry 80,000 km = 10% of the star. Density Density structure at 2.2 seconds; inner 80,000 km (star radius is 800,000 km).
Pressure at 2.2 seconds
Lessons Learned
• Even a jet of constant power is strongly modulated by its passage through the star.
• The variations in Lorentz factor and density can be of order unity.
• An initially collimated jet stays collimated.
• There may be important implications for the light curve -especially its time structure.
The Jet Explodes the Star Continue the spherical calculation for a long time, at least several hundred seconds. See how the star explodes, the geometry of the supernova, and what is left behind. Zoom in by 5... The shock has wrapped around and most of the star is exploding. Outer layers and material along the axis moves very fast. Most of the rest has more typical supernova like speeds ~ 3000 -10,000 km s -1
